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1.0 INTRODUCTION

This report presents 1998 data for groundwater quality at the Present Sanitary Landfill (also
known as Operable Umt 7) located at the Rocky Flats Environmental Technology Site (RFETS)
owned by the U S Department of Energy (DOE) The Present Sanitary Landfill, located 1n the
Buffer Zone north of the Protected Area, occupies approximately 44 acres (encompassing both the
landfill and East Landfill Pond) at the western end of the No Name Gulch drainage It utilizes a
surface and subsurface water intercept and diversion system to route surface runon and upgradient
groundwater around the facility, and a leachate collection and treatment system to improve
leachate water quality exiting the toe of the landfill near the west end of the East Landfill Pond
The landfill served as a former solid waste disposal facility for RFETS and 1s one of three interim
status unmts at RFETS that are regulated under the Resource Conservation and Recovery Act

(RCRA) The landfill 1s currently scheduled for capping and final closure around the year 2004

Throughout 1998, groundwater monitoring was conducted 1n accordance with the requirements of
the Rocky Flats Cleanup Agreement (RFCA), as set forth 1n the Integrated Monitoring Plan (IMP)
(DOE, 1997a), which by agreement with the U S Environmental Protection Agency (EPA) and
Colorado Department of Public Health and Environment (CDPHE), supersedes Title 6 of the
Colorado Code of Regulations, 6 CCR 1007-2 and 6 CCR 1007-3, as the governing authority for

groundwater monitoring at RFETS

Information compiled for the 1998 Groundwater Monitoring at the Present Sanitary Landfill
Report includes a review of historical activities at the Present Sanitary Landfill (Section 2 0), a
summary of previous investigations (Section 3 0), the status of the current monitoring program
(Section 4 0), the current understanding of the physical characteristics of groundwater flow at the
site (Section 5 0), an assessment of groundwater quality (Section 6 0), an update on groundwater
mtercept system operation (Section 7 0), and general conclusions regarding groundwater quality

and the groundwater monitoring program at the landfill (Section 8 0)
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2.0 OPERATING HISTORY OF THE PRESENT SANITARY LANDFILL

The Present Sanitary Landfill began operating August 14, 1968, for the disposal of Rocky Flats
samtary waste However, records indicated that, prior to 1986, some hazardous waste was
disposed of at the landfill, therefore, i 1986, the landfill became classified as a RCRA-regulated
unit Disposal of hazardous constituents 1n the landfill was halted 1n November of 1986 The
landfill remained 1n operation accepting only sanitary waste until March 1998 At that time, the
landfill was placed 1n contingent closure status because 1t was nearing capacity, and was
voluntarily seeded to stabilize soils and control erosion All RFETS sanitary waste 1s currently
delivered to an offsite commercial Subtitle D sanitary waste landfill for disposal The following

paragraphs provide a brief historical summary of the landfill

In September 1973, trittum was detected 1n leachate draining from the landfill In response to this
detection, a sampling program was imtiated to determine the location of the tritrum source In
addition, radiation monitoring of waste prior to burial was nitiated to prevent further disposal of
radioactive material, and interim-response measures were undertaken to control the generation
and mugration of landfill leachate Interim-response measures included the construction of two
ponds (Ponds No 1 and No 2, also known as the West Landfill Pond and East Landfill Pond,
respectively) immediately east of the landfill, and the installation of a subsurface leachate-
collection system and subsurface intercept system for diverting groundwater around the landfill

Ditches were also constructed to control surface water

The West Landfill Pond embankment was built approximately 500 feet (ft) east of the 1974
position of the advancing face of the landfill The East Landfill Pond embankment was
constructed approximately 1,000 ft east of the West Landfill Pond embankment A cutoff wall,
set 1n bedrock, was constructed 1n the East Landfill Pond embankment to reduce seepage through
the embankment foundation The embankments and ponds were built to collect and evaporate
groundwater, surface water, and leachate collected by the subsurface drainage-control system

The pond contains no outlet works other than a spillway which 1s designed for use during extreme
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storm events Groundwater exiting the landfill will discharge to the East Landfill Pond where 1t
erther evaporates or 1s pumped to Pond A-3 via the Pond A-1 bypass for eventual discharge from
the Site Subsurface leakage of the pond may also occur, which functions to recharge the
unconsolidated deposits below the landfill pond dam and underlying bedrock claystones The
amount of leakage 1s expected to be small based on the low hydraulic conductivity of the

underlying bedrock materials

An nner leachate-collection system and outer groundwater-intercept/diversion system were
constructed around the west, north, and south perimeters of the landfill The leachate collection
system was designed to provide a perimeter drain for the prevention of leachate migration outside
the landfill boundary and to reduce water levels within landfill refuse The groundwater-
intercept/diversion system was constructed along the outside edge of the leachate collection
system to prevent groundwater from entering the landfill area Groundwater diverted from the
landfill by the intercept system 1s, as currently understood, directed eastward around waste
materials and discharges either to the East Landfill Pond or No Name Gulch below the East
Landfill Pond dam (surface water momtoring locations SW099 and SW100)

Between 1977 and 1981, the leachate-collection trench was buried beneath waste during landfill
expansion (DOE, 1996a) The west embankment and West Landfill Pond were removed 1n 1981,
and two slurry walls were constructed, extending from the ends of the north and south
groundwater-interceptor ditches These slurry walls range 1n depth from 10 ft to 25 ft, and were

designed to be seated 1n bedrock

Sometime after the Present Samitary Landfill went 1nto operation 1n 1968, excess water from the
landfill pond was sprayed onto a ridge south of the East Landfill Pond The sprayed water
collected on the roadway and flowed into North Walnut Creek When this misdirected flow was
discovered, the spraying activities were moved to an area north of the landfill pond adjacent to an
irrigation ditch  Because the subsequent spray water then collected 1n local drainage channels and

flowed around the landfill pond to the main drainage, the spraying activities were again moved
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The final spray location was an area south of the west end of the landfill pond, excess spray water

flowed back into the East Landfill Pond

In 1995, a gravity flow treatment system was constructed to collect contaminated groundwater and
leachate flowing from the eastern end of the Present Samitary Landfill The Passive Seep
Interception and Treatment System (PSITS) became operational 1n early 1996 and was designed to
treat landfill leachate to eliminate F039-listed wastes prior to discharge into the East Landfill
Pond The treatment system was originally composed of a settling basin, bag filters to remove
suspended solids, and granular activated carbon to remove organic chemical constituents, but was
modified in the fourth quarter of 1998 to allow passive aeration of leachate water The treated
effluent 1s sampled monthly for VOCs, semivolatile organics, metals, 1sotopic plutonium,
uramum, and americium, gross alpha and beta, and tritium, with results published 1n the
Quarterly Report for the Consolidated Water Treatment Facility and Operable Unit 7 (OU7)

Passive Seep Interception System

Groundwater monitoring was originally nstituted 1n 1989 1n accordance with 6 CCR 1007-2 and 6
CCR 1007-3, Subsection 265 90(d) This report addresses monitoring requirements pertaining to
RCRA units as specified in the IMP Monitoring pertaining to RFETS RCRA units prior to 1996
are addressed 1n the Annual RCRA Groundwater Monitoring Reports (U S Department of
Energy [DOE], 1990, 1991a, 1992, 1993, 1994, 1995, and 1996b) Subsequent groundwater
monitoring activities conducted under the authority of RFCA during calendar years 1996 and

1997 are presented in annual Present Sanitary Landfill Groundwater Monitoring Reports (DOE,
1997b and 1998) The regulations require that the groundwater monitoring program be capable of

determining the impact of a facility on the water quality 1n the uppermost aquifer

The Annual RCRA Reports for RFETS describe chemical and physical aspects of groundwater
(for 1989 through 1995) at the Present Sanitary Landfill (DOE, 1990, 1991a, 1992, 1993, 1994,
1995, and 1996b) The Phase I RCRA Facility Investigation/Remedial Investigation (RFI/RI)
Work Plan for Operable Unit 7 Present Sanitary Landfill (DOE, 1991b) presents additional
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information regarding construction, operation, regulatory history, and site characterization
Work conducted for Phase I included cone-penetrometer testing, soil sampling, and the

installation and samphing of additional groundwater monitoring wells

A closure plan for the Present Samitary Landfill was developed 1n the Interim Measure/Interim
Remedial Action (IM/IRA) decision document (DOE, 1996a), 1in accordance with the RFCA
(RFCA, 1996) and applicable Colorado hazardous-waste regulations Due to the Present Sanitary
Landfill’s position (26) on the Environmental Restoration Ranking, action has been deferred until
higher ranked areas are remediated Post-closure groundwater monitoring of the Present Sanitary

Landfill will be performed 1n accordance with the requirements of the IMP

3.0 SUMMARY OF PREVIOUS INVESTIGATIONS

Annual RCRA Groundwater Monitoring Reports from 1989 through 1995 and Present Sanitary
Landfill Groundwater Monitoring Reports from 1996 and 1997 describe groundwater elevations
and flow rates, as well as the results of the groundwater analyses The sampling and analysis
records were mamtained in comphance with 6 CCR 1007-3 and 40 CFR 265 94(b) The Phase I
RFI/RI Work Plan for OU7 - Present Sarmitary Landfill (DOE, 1991b) and the Operable Unit 7
Revised Draft IM/IRA Decision Document and Closure Plan (DOE, 1996a) present additional

information

The 1mpact of the Present Sanitary Landfill on groundwater quality has been evaluated in previous
Annual RCRA and Landfill Groundwater Monitoring Reports (DOE, 1990, 1991a, 1992, 1993,
1994, 1995, 1996b, 1997b, 1998) In 1992, groundwater from surficial deposits within and
around the Present Sanitary Landfill had concentrations of major anions (bicarbonate, chloride,
nitrate/nitrite, sulfate), total dissolved solids [TDS], dissolved metals (calcium, chromum,
Iithium, magnesium, potassium, sodium, and strontium), and radionuchdes that were elevated
relative to mean background concentrations/activities Some volatile organic compounds (VOCs)

were also detected The dissolved radionuclides present included americium-241, plutonium-
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239/240, uranium-233/234, uranum-238, and radum-226 Throughout 1992, concentrations of
dissolved metals and radionuclides were only rarely greater than mean background

concentrations

During 1992, VOCs were detected sporadically and infrequently in wells screened 1n surficial
materials of the upper hydrostratigraphic umit (UHSU) In UHSU bedrock, VOCs were detected
1n groundwater sampled from two wells Methylene chloride, acetone, and toluene were detected
once The infrequent occurrence of VOCs 1n the UHSU bedrock indicated that the Present
Sanitary Landfill had not adversely impacted groundwater in UHSU bedrock, even though some

contamnation of groundwater had occurred 1n UHSU surficial materials overlying the bedrock

In 1993, the groundwater chemustry at the Present Samitary Landfill appeared generally consistent
with water-quality conditions of 1992 (DOE, 1994) The 1993 statistical comparisons of
upgradient versus downgradient UHSU groundwater at the Present Samitary Landfill indicated
statistically significant increases 1n downgradient concentrations of dissolved metals (calcium,
lithmum, magnesium, potassium, sodium, and strontrum), and major amons (chloride and sulfate)
None of the radionuclides or VOCs showed a statistically significant difference in upgradient
versus downgradient activities or concentrations, respectively Radionuclide activities and
concentrations of VOCs, metals, and anions were notably highest within the landfill and 1n the
area adjacent to Individual Hazardous Substance Sites (IHSSs) located southeast of the landfill,
relative to other areas 1n the vicinity of the Present Sanitary Landfill In groundwater from
UHSU bedrock beneath and downgradient of the landfill, VOCs were detected infrequently, but

radionuchides were present at activities higher than mean background

Analysis of 1994 data by analysis of variance (ANOVA) indicated statistically significant
differences in upgradient versus downgradient groundwater quality in the total UHSU for
radionuclides (uranium-233/234 and uranium-238), dissolved metals (calctum, lithium,
magnesium, sodium, and strontium), anions (carbonate, chloride, fluoride, and sulfate), and TDS

(DOE, 1995) In the UHSU bedrock, there were statistically significant differences in upgradient
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versus downgradient groundwater quality for dissolved metals (calcium, lithrum, magnesium,
sodum, and strontium), amions (bicarbonate, chloride, and sulfate), and TDS All VOCs had less

than 50-percent quantifiable results

For 1995, statistical comparisons of upgradient versus downgradient UHSU groundwater at the
Present Sanitary Landfill indicated statistically sigmificant increases in levels of dissolved barum,
calcrum, lithum, magnesium, silicon, sodium, strontium, uranium-233/234, and gross beta, as
well as bicarbonate, chloride, sulfate, and TDS Activities of total americium-241, plutonium-
239/240, and tritium did not show statistically significant difference between upgradient and
downgradient UHSU groundwater All VOCs were detected 1n fewer than 50 percent of the

samples, so these analytes were not statistically evaluated

Analyses of the 1996 data tend to confirm the results of previous sampling (DOE, 1997b)
Approved well abandonments and deactivations, combined with an 1nadequate volume of water
for sampling 1n the downgradient wells, prevented statistical analysis for many analytes during
these years Detected analytes and concentration ranges were generally consistent with those
detected 1n prior years Barium, calclum, chromium, hithium, magnesium, potassium, selenium,
and sodium were detected in downgradient wells at levels below mean background concentrations
Nitrate and trittum and were evaluated using ANOVA techniques and were determined to be
statistically similar in upgradient versus downgradient samples As in prior investigations, there

was no indication of volatile organic contammation in downgradient wells

For 1997, statistical analyses of groundwater data were again prevented by an insufficient number
of analyses, as explained above for the 1996 data Fluoride, sulfate, TDS, barum, copper, iron,
lithium, manganese, selenium, strontium, nitrate, and zinc appeared to be elevated in one or more
downgradient versus upgradient wells Trittum and certain VOCs were detected 1 upgradient
wells at concentrations that exceeded the downgradient well concentrations The trends of
potential contaminants detected 1n the downgradient wells did not, however, appear to be

increasing with time, resulting in no reportable excursions for 1997 (DOE, 1998)
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Results of hydrogeologic investigations of the Present Sanitary Landfill suggest that the
groundwater-1ntercept system may not completely 1solate the landfill from the surrounding
groundwater Hydraulic assessments for specific areas on the west, north, and south sides of the
groundwater-intercept system indicate that groundwater may flow into the landfill on the north
side where the leachate collection system was not completely keyed into bedrock (DOE, 1996a)
In addition, previous reports indicate that the leachate collection trench was buried beneath waste
during landfill expansion (DOE, 1996a) Therefore, the clay cutoff wall no longer extends to the
surface of the landfill, this would allow groundwater to flow across the clay cutoff wall 1f the
water table were to rise sufficiently Landfill wastes do not extend to the surface-water

interceptor ditch

An evaluation of groundwater-elevation data for 1991 through 1995 and the hydrologic evaluation
data for the OU7 IM/IRA 1ndicate that previous conclusions made regarding the impact of the

leachate/groundwater-intercept system are still valid These conclusions are

e The groundwater-intercept system diverts groundwater away from the landfill and 1s most

effective 1n diverting flow on the west and south sides

e The clay barrier 1s an effective barrier to groundwater flow 1n the landfill along the west but 1t
may not be completely keyed into bedrock on the northwest side This may allow

groundwater to enter the north side of the landfill

40 CURRENT GROUNDWATER MONITORING PROGRAM

The Present Sanitary Landfill at RFETS currently operates under CDPHE and EPA guidelines for
solid waste disposal sites and facilities The current groundwater monitoring program was
nstituted 1n accordance with the Rocky Flats Cleanup Agreement (RFCA, 1996), as further

defined for RCRA units 1in the IMP RCRA groundwater monitoring 1s conducted to detect
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potential excursions of contamination beyond an established point of comphance based on
comparisions of upgradient to downgradient groundwater quality Under the IMP, 1f significant
mpacts to groundwater quality are detected 1n downgradient RCRA wells and contaminant
concentrations are observed to increase with time, then the results are reported to EPA and
CDPHE and an mvestigation 1nto possible causes 1s mmtiated Special attention 1s given to
groundwater contamnants listed in the Action Levels and Standards Framework for Surface
Water, Ground Water, and Soils (ALF) document (RFCA, 1996, Attachment 5), which 1f
exceeded, trigger an evaluation, remedial action, and/or management action Non-ALF
constituents, such as the major cation metals sodium, potassium, calcium, and magnesium, are not
reportable under RFCA, and are, therefore, not emphasized 1n this report Figure 4-1 1illustrates
the location of existing and abandoned monitoring wells 1n relationship to relevent surface and

subsurface features at the Present Sanitary Landfill

Recent changes to the site groundwater monitoring program are outlined in the IMP (DOE,
1997a) This plan specifies the monitoring and reporting requirements for the Present Sanitary
Landfill, including well 1dentification, sampling frequency, analytical requirements, and
reporting Operating procedures are used to specify techmques for sample collection,

preservation, shipment, and chain-of-custody control

For the reporting period, upgradient wells 5887, 70193, 70393, and 70493, and downgradient
wells 4087, 52894, and B206989, were sampled on a quarterly basis (January-March, April-June,
July-September, and October-December) to determine compliance with RFCA, as set forth 1n the
IMP Table 4-1 summarizes sampling activities and shows the hydrostratigraphic unit monitored
and material screened for all wells sampled 1n and near the Present Sanitary Landfill 1n 1998

The limited number and position of these wells makes it infeasible to construct potentiometric
surface maps and concentration 1sopleth maps, thus current and future reports will only assess

impacts to or from the landfill at the upgradient and downgradient landfill boundaries
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Table 4-1
Well Completion Information and Sampling Summary for Present Sanitary Landfill Wells
Quarterly Sampling Summary
Hydro- Screened
Well Stratigraphic M Q1 Q2 Q3 Q4
atenal
Unit
Upgradient Wells
5887 UPPER | ALLUVIUM|VWNMTU|VWNMTU| VWNMTU | VWNMTU
70193 UPPER | BEDROCK|VWNMTU|VWNMTU| VWNMTU| VWNMTU
70393 UPPER | ALLUVIUM|VWNMTU|VWNMTU| VWNMTU| VWNMTU
70493 UPPER BEDROCK | VWNMTU|VWNMTU| VWNMTU | VWNMTU
Downgradient Wells
4087 UPPER | ALLUVIUM | VVWNM,T,U | V,W,NM,T,U \ Dry
52894 UPPER | ALLUVIUM Dry VNMTU | VWNMTU Dry
B206989 UPPER BEDROCK V,NM,T V,N,T,U V,N,T V,M

V = Volatile organic compounds
W = Water quality parameters
N = Nitrate/Nitrite

M = Metals
T = Tritum

U = Uranium isotopes

1998 Groundwater Monitoring at the Present Sanuary Landfill

"

RF/RMRS-99-378 UN
July 6, 1999
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Groundwater elevations for active wells were measured quarterly as directed 1n the Integrated
Monitoring Plan (DOE, 1998) Quarterly groundwater samples were analyzed for radionuclides
(trittum{liquid scintillation counting] and uramum 1sotopes [alpha spectroscopy]), volatile organic
compounds (VOCs [EPA 524 2]), metals (CLP-SOW), and major anions (total dissolved solids
[EPA 160 1], sulfate [SW846], fluoride [EPA 300 0], and nitrate/mitrite [EPA 353 1}), in
accordance with Appendix E-2 of the IMP The absence of complete analyte suites 1n most
quarters for the downgradient wells listed 1n Table 4-1 1s caused by sample volume limitations
(also see dry and lacked water [LW] codes 1in Figures 6-1 through 6-4) imposed by slow recharge
and/or thin saturation conditions The alluvium and weathered bedrock at these localities are
frequently dry or thinly saturated partly because the dam for the East Landfill Pond acts as a
barrier to alluvial groundwater flow from the west, and partly because evapotranspiration
demands consume much of the available shallow groundwater 1n the gulch during the summer
months For this reason, 1t 1s normally not possible to collect complete sample sets for each

quarterly sampling period

Some historical potential contaminants-of-concern (PCOC), such as sem1-VOCs, were not
included 1n the sampling program as a result of PCOC screening conducted during the IMP data
quality objective process and acceptance of the plan by EPA and CDPHE Table 4-2 lists the
constituents momtored for wells 1n and near the Present Samitary Landfill The records of

analyses and evaluations are currently maintained 1 compliance with 6 CCR 1007-2

5.0 PHYSICAL CHARACTERISTICS OF THE GROUNDWATER SYSTEM

5.1  Description of the "Uppermost Aquifer"

The "uppermost aquifer” 1s equivalent to the UHSU as described 1n recent RFETS reports
(EG&G, 1995a, 1995b, and 1995¢) In the area of the Present Sanitary Landfill, the UHSU 1s
composed of unconsolidated surficial deposits and weathered bedrock The unconsolidated

deposits consist of Rocky Flats Alluvium, colluvium, and valley-fill alluvium The Rocky Flats
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Table 4-2

Chemical Constituents Monitored at the Present Sanitary Landfill

Volatile Organic Compounds Volatile Orgamic Compounds Metals
1,1,1,2-Tetrachloroethane cis-1,3-Dichloropropene Calcium
1,1,1-Trichloroethane Dibromochloromethane Chrommum
1,1,2,2-Tetrachloroethane Dibromomethane Cobalt
1,1,2-Trichloroethane Dichlorodifluoromethane Copper
1,1-Dichloroethane Ethylbenzene Iron
1,1-Dichloroethene Hexachlorobutadiene Lead
1,1-Dichloropropene Isopropylbenzene Lithium
1,2,3-Trichlorobenzene m/p-Xylene Magnesium
1,2,3-Trichloropropane Methylene Chlorde Manganese
1,2,4-Trichlorobenzene Naphthalene Mercury
1,2,4-Trimethylbenzene n-Butylbenzene Molybdenum
1,2-Dibromo-3-chloropropane n-Propylbenzene Nickel
1,2-Dibromoethane o-Chlorotoluene Potassium
1,2-Dichlorobenzene o-Xylene Selemum
1,2-Dichloroethane p-Chlorotoluene Silver
1,2-Dichloropropane p-Isopropyltoluene Sodium
1,3,5-Trimethylbenzene sec-Butylbenzene Strontium
1,3-Dichlorobenzene Styrene Thallrum
1,3-Dichloropropane tert-Butylbenzene Tin
1,4-Dichlorobenzene Tetrachloroethene Vanadium
2,2-Dichloropropane Toluene Zinc
Benzene trans-1,2-Dichloroethene Water Quality Parameters
Bromobenzene trans-1,3-Dichloropropene Fluoride
Bromochloromethane Trnichloroethene Nitrate/Nitrite
Bromodichloromethane Trichlorofluoromethane Sulfate
Bromoform Vinyl Chloride Total Dissolved Solids
Bromomethane Metals Radionuchdes
Carbon Tetrachlonde Alumimum Tritium
Chlorobenzene Antimony Uranium-233/234
Chloroethane Arsenic Uranum-235
Chloroform Barium Uranium-238
Chloromethane Beryllmum
cis-1,2-Dichloroethene Cadmium
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Alluvium and artificial fill (landfilled wastes and soil-cover materials) are present upgradient of
and within the landfill, colluvium and valley-fill alluvium are present downgradient of the Present
Samtary Landfill Weathered claystones and weathered sandstones that are 1n direct hydraulic
communication with the overlying surficial deposits, are also considered part of the uppermost
"aquifer" The weathered claystones are generally more permeable than unweathered bedrock
Unweathered claystones are not considered as part of the uppermost aquifer, rather they are
included as part of the lower hydrostratigraphic umit (LHSU) Bedrock wells were assigned to a
hydrostratigraphic unit based on geochemical data from the well, hydraulic conductivity
measurements (where available), and information from borehole logs The Rocky Flats Alluvium
1s 25 to 30 feet thick on the northwest, west, and southwest sides of the landfill, and 10 to 15 feet
thick on the divides north and south of the landfill pond Colluvium 1s 1 to 5 feet thick on the
slopes around the East Landfill Pond and below the dam The valley-fill alluvium ranges 1n
thickness from 3 to 8 feet in the landfill area and becomes thicker downstream to the east The
thickness of artificial fill increases from about 5 feet at the perimeter of the landfill to about 45
feet near the centerline of the valley (DOE, 1996a) Weathered bedrock material thicknesses vary
considerably 1n the vicimty of the landfill, ranging from approximately 4 to 35 feet, as indicated

by weathered bedrock 1sopach mapping of the area (EG&G, 1995a)

Average depth to groundwater ranges from 5 to 15 feet 1n surficial deposits (excluding artificial
fill) (EG&G, 1995b) Within the landfill, groundwater 1s found at approximately 20 feet at the
western end, 16 feet 1n the middle, and 33 feet at the eastern end (DOE, 1996a) The depth to
groundwater 1n weathered bedrock 1s generally deeper than those of the overlying surficial
deposits due to the presence of steep downward vertical gradients that are prevalent 1n bedrock
materials Saturated thickness of UHSU deposits vary widely across the landfill, with the thickest
sections found 1n the Rocky Flats Alluvium at the western end, and thinnest sections found 1n
colluvial and valley fill deposits east of the East Landfill Pond and in the Rocky Flats Alluvium
along the south divide EG&G (1995b) reported saturated thicknesses ranging from 0 to 20 feet

for surficial deposits at the landfill
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Geometric mean hydraulic conductivities calculated from field tests of the different geologic units

are given 1n Section 5 4

5.2 Potentiometric Surface

Groundwater 1s present 1n surficial deposits and artificial fill, and 1n bedrock sandstones and
claystones 1n the area of the Present Samitary Landfill Groundwater flow patterns in the UHSU
tend to mmmic the surface topography Within landfill wastes, groundwater flows toward the
center of the landfill, then flows eastward toward the East Landfill Pond Outside the landfill,
groundwater generally flows eastward within saturated UHSU surficial deposits, except near
stream valleys, which disrupt UHSU flow patterns and function as drains for UHSU groundwater
For example, near the East Landfill Pond, groundwater flows from the north, west, and south
toward the pond because of 1t’s topographically low position 1n the No Name Gulch drainage
Groundwater entering the pond will mix with surface water and be discharged by evaporation,
pumped to Pond A-3, and, to a limited extent, percolate downward into underlying bedrock
materials or laterally through the dam Any groundwater seeping past the dam into the lower
drainage would flow eastward along the stream course until discharged via evapotranspiration,

surface water, or as lateral subsurface flow at the Indiana Street east boundary

Groundwater elevations 1n monitoring wells are measured at least quarterly Water levels 1n the
surficial deposits of the UHSU are characterized by seasonal variations of as much as 10 feet

The water-table elevation 1s generally lowest 1n late winter and early spring prior to recharge by
snowmelt, and highest during June and July Groundwater elevations n the weathered bedrock of
the UHSU typically show seasonal variations of as much as 15 feet (DOE, 1992) Appendix A

lists the results of depth to water measurements for wells monitored during 1998

5.3  Vertical Hydraulic Gradients

The vertical hydraulic gradient 1s the quotient of the differences 1n water levels measured




-
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concurrently 1n two adjacent wells with different screened intervals, and the vertical distance
between the two measuring points, which are specified here as the midpoint of each screened
mterval Vertical hydraulic gradient calculations provide a means to evaluate whether

groundwater flow has a potential for movement erther downward or upward through geologic

media

Most landfill well pairs have been abandoned or deactivated 1n recent years in preparation for
landfill closure Consequently, current water level data 1s unavailable for calculation of vertical
gradients The results of historical vertical hydraulic gradient calculations at 8 landfill monitoring
well pairs (70093/70193, 70193/70293, 70493/70593, 70693/70893, 72393/72093, 1086/0986,
0786/0886, and B206989/B207089) monitored through 1995 (DOE, 1996b) provide information
relevent to understanding groundwater conditions at the landfill The calculated vertical hydraulic
gradients for all well pairs, except 72393/72093, indicate a downward (recharging) component of
flow, with values ranging from 0 022 to 1 099 ft/ft The sigmficance of downward gradients at
well pairs 0786/0886 and B206989/B207089, located near the bottom of No Name Guich, are,
however, potentially invalid considering that the water levels 1n the bedrock wells at these
locations recharge slowly and never fully recover between sampling episodes At well pair
72393/72093, situated within the center of the landfill, groundwater has an upward (discharging)
vertical gradient ranging from 0 020 to 0 026 ft/ft Data from all well pairs indicate that vertical
hydraulic gradients have generally remained constant over time This condition may exist
because disturbances to the landfill hydrologic system have been minimal 1n recent years In
addition, groundwater flow within the deeper portions of the UHSU and LLHSU bedrock 1s
relatively insensitive to fluctuations 1n seasonal water levels and other short-term transient effects

because of the prevalant low permeability character of bedrock materials

5.4  Average Linear Groundwater-Flow Velocities

The average linear groundwater-flow velocity has historically been calculated for three flow-paths

in UHSU surficial deposits and three flow-paths in UHSU bedrock 1n the vicinity of the Present
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Sanitary Landfill (DOE, 1996b) Most of the well pairs were deactivated 1 1995 1n preparation
for landfill closure However, the variables used 1n calculating flow velocities (hydraulic
conductivity, porosity, and hydraulic gradient) have remained effectively constant over time
Hence, the following discussion excerpted from the 1995 RCRA Groundwater Monitoring report

1s considered 1ndicative of current conditions 1n the Present Samitary Landfill

Magration rates for conservative, dissolved constituents approximate the average linear
groundwater-flow velocity, however, attenuated, volatile, biodegradable, or redox-sensitive
species can exhibit migration rates much less than the average linear groundwater-flow velocity
The values of hydraulic conductivity used for surficial deposits and bedrock of the UHSU are the
geometric means of hydraulic-conductivity values for each unit at the Present Sanitary Landfill,
and include results of historic slug tests (DOE, 1994) Values of hydraulic conductivity used for
flow velocity calculations are 1 1 x 10 centimeters/second (cm/sec) for surficial deposits
(including landfill wastes) and 5 3 x 107 cm/sec UHSU bedrock materials The assumed effective
porosity for all units 1s 0 1 (DOE, 1991b)

Using these data, the calculated average linear groundwater-flow velocities 1n fill materials range
from approximately 1 foot per year at the west end of the landfill to approximately 160 feet per
year at the advancing eastern face of the landfill Calculated average linear groundwater-flow
velocities in UHSU bedrock at the Present Sanutary Landfill ranged from approximately O 20 feet
to 0 22 feet per year beneath the landfill, to approximately 0 07 feet to O 41 feet per year
downgradient of the landfill (DOE, 1996b) The calculated average linear groundwater-flow
velocities for UHSU bedrock 1n 1995 were similar to those reported 1n the 1994 Annual RCRA
Groundwater Monitoring Report (DOE, 1995)

6.0 GROUNDWATER QUALITY AT THE PRESENT SANITARY LANDFILL

The assessment of groundwater chemustry at the Present Samitary Landfill includes an evaluation

of the spatial distribution of groundwater constituents 1n and around the landfill, and a statistical
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evaluation of the chemistry of downgradient groundwater with respect to upgradient groundwater,
as specified in 6 CCR 1007-2 and the IMP  Statistical comparisons between downgradient and
upgradient groundwater data were made using the methodology described 1n the 1995 Annual

RCRA Groundwater Monitoring Report (DOE, 1996b)

Compared to the 1997 well data set, the majority of analytes had sufficient data to perform
statistical analyses for 1998 largely resulting from a change from semi-annual to quarterly
sampling Figures 6-1 through 6-4 depict the analytical results for each well 1n individual box-
plots To show as much data as possible without overcrowding, box-plots for metals include only
those analytes for which the mean value was greater 1n downgradient wells than 1n upgradient
wells Box-plots for VOCs include all detected compounds for upgradient and downgradient
wells All data for radionuclhides and water quality parameters are presented Appendix B

contains the analytical results for groundwater samples collected during 1998

6.1 Spatial Distribution of Groundwater Constituents

6 1 1 Upgradient Wells

Currently, four wells (5887, 70193, 70393, and 70493) monitor groundwater chemistry 1n the
UHSU immediately upgradient of the Present Sanitary Landfill Wells 5887 and 70393 are
completed in UHSU alluvial materials and wells 70193 and 70493 are completed in UHSU
bedrock All four wells yielded complete quarterly sample sets for a total of 16 upgradient
samples per analyte The fourth quarter VOC results for wells 5887 and 70393 are flagged with
an “R” data validation qualifier indicating that these results have been rejected and are not

reliable

As shown 1n Figure 6-1, concentrations of water quality parameters fall within 0 07 to 0 92
mulligrams per liter (mg/L) for fluoride 0 05 to 5 8 mg/L for mitrate/mtrite, 13 to 48 4 mg/L for

sulfate, and 120 to 230 mg/L. for TDS These concentrations occur within the range of




1998 Groundwater Monitoring at the Document Number RF/RMRS-99-378 UN

Present Samitary Landfill Revision Final
Date July 6, 1999
Page 23 of 36

background concentrations reported for these analytes in the 1993 Background Geochemical
Characterization Report (EG&G, 1993) A similar situation exists for all of the metal and
radionuclide analytes detected 1n these wells (see Figures 6-2 and 6-3, respectively) Except for
the major cations (calclum, magnesium, sodium, potassium, and strontrum), the concentrations of
most metal analytes are reported below the detection limit or as a detectable contaminant in
laboratory blank samples (“B” qualified data) Tritrum was not detected 1n any of the upgradient
samples, and the uranium 1sotopes U-233/234, U-235, and U-238, were essentially detected in
only two wells (70393 and 70493)

Alluvial well 70393 yielded consistent detections of five chlorinated VOCs, including TCE (24
pg/L maximum), PCE (8 pg/L maximum), carbon tetrachloride (4 pg/L maximum), 1,1,1-TCA
(38 pg/L maximum), and 1,1-DCE (20 pg/L. maximum), and single detections of methylene
chloride (3 pg/L) and ci1s-1,2-DCE (0 5 pg/L) Weathered bedrock well 70493, paired with well
70393, contained generally lower concentrations and less consistent detections of the type of
VOCs found 1n the overlying alluvium VOCs found 1n this well included methylene chloride (7
pg/L maximum), TCE (1 pug/L maximum), PCE (4 pg/L maximum) 1,1,1-TCA (0 8 ng/L
maximum), and a single detection of 1,1,1,2-tetrachloroethane (4 pg/L) Alluvial well 5887
contained single detections of methylene chloride (6 pg/L) and TCE (0 7 pg/L) while weathered
bedrock well 70193 contained methylene chloride (19 pg/L maximum) and single detection of
PCE (0 6 ng/L) These results are generally consistent with the results of previous monitoring
(DOE, 1998), which determined that the Property Utilization and Disposal (PU&D) Yard was the
source of this contamination Results for all other VOC constituents monitored 1n upgradient

wells were below detection

6 1 2 Downgradient Wells

Three wells located east of the East Landfill Pond embankment are used to monitor the chemistry
of downgradient groundwater in the UHSU (wells 4087, 52894, and B206989) Well B206989
monitor groundwater in the UHSU bedrock and wells 4087 and 52894 monitor the quality of
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alluvial groundwater All of the well locations are consistent with 6 CCR 1007-2, which allows
alternate placement of momtoring wells downgradient of an interim-status facility where existing

physical obstacles prevent installation of wells at the boundary

Downgradient groundwater quality monitored at wells 4087, 52894, and B206989 appear to show
that concentrations of fluoride, mitrate/mitrite, sulfate, total dissolved solids, arsenic, cadmium,
chromwum, lithium, manganese, selenium, strontium, and zinc exceed upgradient concentrations
reported for upgradient wells 5887, 70193, 70393, and 70493 (Figures 6-1 and 6-2) Elevated
concentrations of the non-hazardous metals sodium, potassium, calcium, and magnesium were
also detected 1n downgradient wells, but have no ALF groundwater action levels and,
consequently, are not shown 1n Figure 6-2 Aluminum, cobalt, molybdenum and nickel, imtially
1dentified as potentially exceeding upgradient concentrations in Figure 6-2, were found to have no
statistically sigmificant differences (at the 1-percent significance level) in upgradient versus
downgradient groundwater quality The uranium 1sotopes U-233/234, U-235, and U-238,
presented 1n Figure 6-3, also appear to have elevated activity-concentrations in downgradient
wells compared to upgradient wells Tritium was reported as being undetected 1n all upgradient
and downgradient wells All other ALF groundwater constituents in downgradient groundwater,

including VOCs, were detected at or below upgradient concentration levels

Trend plots of analytes 1n downgradient wells that exceed upgradient concentrations are presented
in Appendix C per the requirements of the IMP Concentration trends for analytes with three or
more data points tend to be somewhat erratic, but are generally flat or declining, and therefore
indicate that landfill groundwater 1s not currently migrating eastward at increased concentrations
past the East Landfill dam Data sets consisting of one or two data points for some analytes are
insufficient for discerning trends and can not be interpreted without additional data These trends

will be reevaluated as more data becomes available from the groundwater monitoring program

Assuming that groundwater seepage past the dam 1s appreciable enough to influence downgradient

groundwater quality, the elevated concentrations of inorganic analytes in downgradient
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groundwater can be explamned by the evaporative concentration of solutes 1n pond water in
combination with other factors, such as mineral build-up 1n soils resulting from seasonal
desaturation of valley-fill alluvial materials and contributions of more highly mineralized
groundwater from the underlying LHSU Analysis of analyte trends showing concentration
mncreases must account for these conditions 1n order to differentiate between natural and
anthropogenic nfluences On the other hand, groundwater VOC contributions to pond water will

tend to be lost by volatilization before reaching the downgradient wells

The elevated concentrations of certain mnorganic constituents, specifically nitrate/nitrite
(NO,/NO,), lithium (L1), and selenium (Se) in well B206989, probably indicate the presence of a
non-landfill contaminant source area that influences downgradient groundwater quality below the
landfill pond This interpretation 1s supported by the historically low concentration of these
analytes 1n landfill leachate (SW097, mean values = 0 3 mg/L NO,/NO,, 40 ug/L L1, and 2 pg/L
Se) and landfill pond water (SW098, mean values = 0 093 mg/L NO,/NO, and 77 pg/L L)
(DOE, 1996a, Tables 2-2 and 2-3), and elevated concentration of mitrate/nitrite (mean=143 5
mg/L), lithum (199 pg/L) and selemum (504 pg/L) in samples from UHSU bedrock well
B206889, located to the south and upgradient of well B206989 Potential source areas for these
contaminants are currently unknown Regardless of the source of these contaminants, their
absence at high concentrations 1n landfill groundwater and surface water indicate the presence of
potential non-landfill mterferences 1n interpreting downgradient weathered bedrock groundwater

quality

6.2 Statistical Evaluation of Groundwater Constituents

Where possible, analytical data for groundwater monitored upgradient of the Present Sanitary
Landfill were compared statistically to analytical data for groundwater sampled from compliance-
boundary wells located downgradient of the Present Sanitary Landfill Results of these
comparisons were used to evaluate potential contaminant releases from the regulated umt mnto the

uppermost "aquifer” The comparisons between upgradient and downgradient groundwater
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quality were made using the statistical methodology discussed 1n the 1995 Annual RCRA Report
(DOE, 1996b) and 1llustrated by the statistical methods flow chart presented in Figure 6-5 Table
6-1 presents a sampling and detection summary for each groundwater analyte monitored during
1998 Statistical comparisons were not performed for analytes with less than 50-percent
quantifiable results or for analytes with less than two quantifiable results For analytes mvolving
nonparametric analysis, the minimum sample volume requirement of at least two quantifiable
results per group was increased to four as recommended by EPA guidance (EPA, 1992) A
sufficient number of samples were collected from upgradient and downgradient well groups to
perform statistical comparisons for all analytes with more than 50-percent quantifiable results,
except sulfate and total dissolved solids (3 downgradient samples each) Data for volatile organic
compounds (except methylene chloride), nine trace metals (arsenic, beryllum, cobalt, lead,
mercury, silver, thallum, tin, and vanadium), trittum, and uranium-235 met the sample volume
criteria, but non-detections exceeded 50 percent of the data sets, so it was necessary to exclude
these compounds from statistical evaluation Conclustons concerning these analytes are described

following the discussion of statistical comparisons

For analytes with greater than 50-percent quantifiable results, parametric ANOVA or
nonparametric Wilcoxon Rank-Sum testing was performed, depending on the percentage of non-
detections present 1n the sample groups and sample distribution characteristics All UHSU results
(alluvial and bedrock) were grouped by analyte into upgradient and downgradient data sets to
simphify analyses and provide adequate data to perform statistical testing This approach 1s
justifiable because all downgradient wells are closely located 1n a well-defined, narrow drainage
way that defines the sole groundwater flow path leading from the landfill The Wilcoxon Rank-
Sum test (also known as the Mann-Whitney U test) was selected to perform nonparametric
comparisons 1n place of the Kruskall-Wallis test based on EPA guidance for statistical evaluations

involving two data groups (EPA, 1992)

Table 6-2 summarizes the results of statistical comparisons for the upgradient and downgradient
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Table 6-1 Groundwater Sample and Detection Summary for Present Sanitary Landfill Wells

Water Quality (mg/L)
Fluonde 16 3 19 16 3 19 1000 1000 | 1000 00
Nitrate/Nitnte 16 6 22 15 5 20 938 833 909 91
Sulfate 16 3 19 16 3 19 1000 1000 |1000 00
Total Dissolved Solids 16 3 19 16 3 19 100 0 1000 }1000 00
Metals (ug/L)
Aluminum 16 6 22 15 5 20 938 833 909 g1
Antimony 16 6 22 9 3 12 563 500 545 455
Arsenic 16 6 22 1 4 5 63 667 227 773
Banum 16 6 22 16 6 22 1000 1000 | 1000 00
Beryllium 16 6 22 2 1 3 125 167 136 864
Cadmium 16 6 22 8 5 13 500 833 59 1 409
Calcium 16 6 22 16 6 22 1000 1000 |1000 00
Chromium 16 6 22 12 3 15 750 500 68 2 318
Cobalt 16 6 22 2 3 5 125 500 227 773
Copper 16 6 22 13 6 19 813 1000 864 136
Iron 16 6 22 9 3 12 563 500 545 455
Lead 16 6 22 6 2 8 375 333 364 636
Lithium 16 6 22 16 6 22 1000 1000 11000 00
Magnesium 16 6 22 16 6 22 1000 1000 (1000 00
Manganese 16 6 22 15 4 19 93 8 667 86 4 136
Mercury 16 6 22 1 0 1 63 00 45 955
Molybdenum 16 6 22 8 6 14 500 1000 636 364
Nickel 16 6 22 12 6 18 750 1000 818 18 2
Potassium 16 6 22 16 6 22 1000 1000 | 1000 00
Selenium 16 6 22 9 6 15 563 1000 68 2 318
Silver 16 6 22 4 1 5 250 167 227 773
Sodium 16 6 22 16 6 22 1000 1000 | 1000 00
Strontium 16 6 22 16 6 22 1000 1000 | 1000 00
Thallium 16 6 22 6 2 8 375 333 364 636
Tin 16 6 22 1 2 3 63 333 136 864
Vanadium 16 6 22 4 2 6 250 333 273 727
Zinc 16 6 22 16 6 22 1000 1000 (1000 00
Radionuclides (pCi/L)
Trtium 16 7 23 4 2 6 250 286 26 1 739
U-233/234 16 5 21 7 5 12 438 1000 571 429
U-235 16 5 21 3 5 8 188 1000 381 619
U-238 16 5 21 8 5 13 500 1000 619 381
Volatile Organic
Compounds (ug/L)
1,1 1,2-Tetrachloroethane 16 9 25 1 0 1 63 00 40 96 0
1,1,1-Trichloroethane 16 9 25 6 0 6 375 0o 240 760
1 1 2 2-Tetrachloroethane 16 9 25 0 0 0 00 00 00 1000
1,1,2-Trichloroethane 16 9 25 0 0 0 00 00 00 1000
1 1-Dichloroethane 16 9 25 0 0 0 00 00 00 1000
1 1-Dichloroethene 16 9 25 4 0 4 250 00 160 840
1 1-Dichloropropene 16 9 25 0 0 0 00 00 00 1000
1 2 3-Trnichlorobenzene 16 9 25 0 0 0 00 0o 00 1000
1 2 3-Trichloropropane 16 9 25 0 0 0 00 00 00 1000
1,2 4-Trichlorobenzene 16 9 25 0 0 0 00 00 00 1000
1,2 4-Trimethylbenzene 16 9 25 0 0 0 00 00 00 1000
1998 Groundwater Monitonng at the Present Santary Landfill RF/RMRS-99-378 UN
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Table 6-1 Groundwater Sample and Detection Summary for Present Sanitary Landfill Wells

1 ,2-Dibromo-3-chioropropane '

1,2-Dibromoethane
1,2-Dichlorobenzene
1,2-Dichioroethane
1,2-Dichloropropane
1,3,5-Tnmethylbenzene
1,3-Dichlorobenzene
1,3-Dichloropropane
1.4-Dichlorobenzene
2,2-Dichloropropane
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane

Carbon Tetrachlornde
Chlorobenzene
Chloroethane
Chloroform
Chloromethane

cis-1 2-Dichloroethene
cis-1,3-Dichloropropene
Dibromochioromethane
Dibromomethane
Dichlorodifluoromethane
Ethyibenzene
Hexachlorobutadiene
Isopropylbenzene
m/p-Xylene

Methylene Chlonde
Naphthalene
n-Butylbenzene
n-Propyibenzene
o-Chlorotoluene
o-Xylene
p-Chlorotoluene
p-Isopropyltoluene
sec-Butylbenzene
Styrene
tert-Butylbenzene
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Toluene
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data groups Statistically significant differences (at the 1-percent significance level) in upgradient
versus downgradient groundwater quality were found for fluoride, cadmium, calcrum, lithrum,
magnesium, molybdenum, potasstum, sodium, strontium, U-233/234, and U-238 With the
exception of cadmium and molybdenum, these results are similar those reported 1n previous

RCRA reports (see Section 3 0)

Of the nine trace metals reported with non-detections exceeding 50 percent sample set, only
arsenic mn well B206989 appears to be elevated above upgradient groundwater concentrations
The elevated concentration of this analyte in well B206989, as also observed for nitrate/nitrite,
lIithrum, and selenum 1n this well, may signify an association with a contaminant source other
than the landfill The elevated activity-concentration of U-235 1n this well compared to the other
downgradient wells and upgradient wells could result from either natural sources present within
the bedrock, as 1t occurs within the background range for this 1sotope (EG&G, 1993, Table D-9),
or alternatively, from the unknown source tentatively mmplicated to explain the elevated

concentrations for mitrate/nitrite, lithium, and selenium

7.0 GROUNDWATER INTERCEPT SYSTEM

Gamning an understanding of the current operational status of the groundwater intercept system
and 1t’s success at diverting groundwater flow around the landfill 1s an important component 1n
finalizing landfill closure design and end state The available information contained within the
Phase I RFI/RI Work Plan for Operable Unit No 7 - Present Samitary Landfill (DOE, 1991b) and
other Operable Unit 7 documentation contain engineering design specifications, but do not
provide details on system operation, such as valving configurations and discharge data

Discharge at drain outfalls SW099 and SW100 located below the landfill pond dam 1s usually
minimal or absent despite evidence, such as an abundance of valley head-cut seeps 1n pre-landfill
aerial photographs, that suggest flow should be greater than currently observed assuming proper
dran function Explanations for the lack of appreciable discharge at these outfalls involve at least

four scenerios 1) discharge ts currently routed toward the landfill pond by valving and piping
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shown 1n design drawings, 2) the lines have been broken or breached during normal landfill
operations resulting in subsurface releases of drain water to refuse materials, 3) the drain system
was never properly functional because of leakage caused by geological irregularities, design or
installation flaws, or other potential shortcomings, and 4) groundwater levels at the perimeter of
the la